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1. INTRODUCTION 
It is known that EF-G (and GTP) promotes the 
translocation of peptidyl-tRNA and mRNA on the 
ribosome. Therefore, it is important to understand 
the molecular mechanism of EF-G interaction with 
the ribosome. Studies of the ribosomal EF-G- 
binding site topography have shown that the factor 
interacts with both the ribosomal subunits [1,2]. 
According to immune electron microscopy data 
[3], EF-G binds to the 50 S subunit surface facing 
the 30s subunit at the base of the elongated pro- 
tuberance (L7/L12 stalk [4]) and contacts with the 
30s subunit in the region of the groove between 
the head and body from the side of the ledge (plat- 
form). However, we do not know which of the 
ribosomal components has a specific affinity for 
EF-G and hence provides EF-G interaction with 
the ribosome. 
Here, we report data in favour of the second 
suggestion and demonstrate that EF-G has a speci- 
fic affinity for the isolated 23 S RNA. It has been 
shown that the arylazide derivative of the [3H]EF- 
G photo-crosslinks with 23 S RNA but not with 
16s RNA. Crosslinking depends on ionic condi- 
tions, is inhibited by an excess of native EF-G and 
is stimulated in the presence of ribosomal proteins 
Lll and LlO(L7/L12)4. It is suggested that the 
specific affinity of EF-G for 23 S RNA is essential 
for the factor interaction with the ribosome. 
2. MATERIALS AND METHODS 
Numerous studies aimed to elucidate the role of 
individual ribosomal proteins in the binding of the 
ribosome with EF-G have not, as yet, clarified this 
question. Two alternative hypotheses have been 
proposed that: 
(i) The EF-G-binding site is formed by the specific 
cooperation of several ribosomal proteins, 
where the absence of any one of them does not 
block the binding [5]; 
The total ribosomal RNA was isolated by phenol 
deproteinization of Escherichia coli MRE 600 
ribosomes in the presence of 1% sodium dodecyl- 
sulphate and 10 mM EDTA and separated into 
23 S and 16 S RNA by ultracentrifugation in the 
sucrose gradient (5-30%) containing 0.1 M NaCl, 
1 mM EDTA, 10 mM Tris-HCl (pH 7.2); the cor- 
responding fractions were pooled and stored after 
a 2-fold precipitation with ethanol from 0.1 M 
sodium acetate, pH 5.5 at -20°C as a precipitate 
under alcohol. According to ultracentrifugation 
data and that of electrophoresis n acrylamide-aga- 
rose gel the 23 S and 16 S RNA preparations were 
homogeneous. 
(ii) There is nothing left but to assume that ribo- EF-G was isolated according to ]7], its 3H- 
somal RNA could play the key role in the inter- labelling was carried out by reductive methylation 
action of the elongation factor with the ribo- in the presence of NaB3H4 (Amersham), the 
some [6]. specific activity of the preparation obtained was 
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-4-8 x lo3 cpm/pmol. The synthesis of iodo- of photoactivated crosslinking of the factor deriva- 
acetyl-p-azidobenzylamide and the modification tive described above with the isolated 23 S RNA 
with it of the [3H]EF-G SH-group has been under conditions analogous to crosslinking with 
described in [8]. the ribosome. 
Conditions of crosslinking of the photoactivated 
[3H]EF-G with the ribosomal RNA: 11 &iOnm 
units of the total RNA (or 7 A260 nm units of 23 S 
RNA) preincubated at 37°C for 10 min in a binding 
buffer containing 10 mM MgC12, 10 mH NH&l, 
0.2 mM EDTA, 10 mM Tris-HCI (pH 7.5) were 
mixed at 25°C with 13 pg [3H]EF-G derivative in 
the same buffer (total sample vol. 80~1, molar 
ratio RNA to EF-G -1.5: 1) and irradiated for 
4 min (super-high pressure mercury lamp SVD- 
120A equipped with a filter transmitting light with 
a wavelength of 2310 nm and a quartz lens to 
focus the beam). Then the mixture was separated 
in a sucrose density gradient 5-30% containing 
100 mM NaCl, 1 mM EDTA, 10 mM Tris-HCl 
(pH 7.5) by centrifugation in a Beckman SW 41 
rotor at 33000 rev./min for 14 h at 5°C. 
In the first experiment we used the total ribo- 
somal RNA. The result in fig. 1 shows that: 
(0 
(ii) 
Crosslinking of the EF-G to RNA actually 
takes place although with a yield significantly 
less than to the ribosome (-20-times less than 
for the EF-G . ribosome .GTP - fusidic acid 
complex and -4-times less than for the EF- 
G-ribosome complex without guanine nucleo- 
tide); 
Just as in experiments with the ribosome, the 
attacked component is the 23 S RNA; the label 
in the 16s RNA is practically absent. 
3. RESULTS AND DISCUSSION 
The ability of the EF-G derivative to discrimi- 
nate between the 23 S and 16 S RNA seems sur- 
prising. It is known that the nitrene radical gener- 
ated at photolysis of the arylazide does not have 
any selectivity in reaction with different acceptors 
[9] though it probably prefers to react with the 
nearest nucleophilic sites [lo]. On the other hand, 
We used the method of photoactivated cross- 
linking of the 23 S RNA with the [3H]EF-G deriva- 
tive obtained by modification of its single exposed 
SH-group with iodoacetyl-p-azidobenzylamide. 
The preparation of this derivative and data on its 
crosslinking with the ribosomal EF-G-binding site 
have been published in [3,8]. The main object of 
attack is the 50s subunit (yield, 0.2-0.25 mol EF- 
G/mol subunit) and the 23 S RNA in it: the ratio 
of the label in the 23 S RNA and in the 50 S-pro- 
tein (+5 S RNA?) is about 5 : 1 or 11: 1 for the EF- 
G-ribosome complex with GMPPCP or with GTP 
(GDP) + fusidic acid, respectively. 
,- 
A qualitatively similar result was obtained with 
other photoactivated EF-G derivatives used by us. 
In particular, the EF-G derivatives with an aryla- 
zide residue(s) on the exposed amino group(s) 
obtained by treatment of EF-G with p-azidobenz- 
aldehyde in the presence of NaBH4 [l] or with 
p-azidobenzimidate (unpublished data) also attack 
the 23 S RNA (65-80% of the total label in the 50 S 
subunit). These results suggest hat the 23 S RNA 
exposed in the EF-G-binding site of the ribosome 
can play a functional role and possess an affinity 
for EF-G. Therefore we have performed a series of 
experiments to study the possibility and specificity 
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Fig. 1. Ultracentrifugation of the irradiated mixture of 
the arylazide derivative of [3H]EF-G and total ribo- 
somal RNA: (- - -) absorbance at 260 nm; (o---o) 
and (M) radioactivity in experiment and control, 
respectively. The latter is the mixture of RNA with pre- 
irradiated [‘H]EF-G derivative. 
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Table 1 
Effect of ionic conditions and different additions on the yield of photoactivated crosslinking of the arylazide derivative 
of [‘H]EF-G with 23 S RNA 
Exp. 
no. 
Native 
EF-G 
Ribosomal proteins 
Lll LlO(L7/L12)., 
Crosslinking yield 
cpm %I 
10 
10 
10 
10 
10 
10 
10 
500 
10 
10 
10 
10 
- 14900 (15700)a 100 
+ 7 300 49 
_ 5 200 35 
- 560 4 
_ _ - 13400 
_ + - 23 900 
_ - + 37500 (35900)a 
- + + 44700 
100 
178 
280 
330 
a The sucrose gradient contained 0.1% sodium dodecylsulphate, 0.5 M LiCl, 10 mM EDTA, 50 mM sodium acetate 
(PH 5.5) 
Native EF-G was added in a 30-fold molar excess relative to its 3H-labelled derivative. Ribosomal proteins (preparation 
as in [25,26]) were dialyzed against the binding buffer and added in a 3-5-fold molar excess relative to the 23 S RNA. 
The yield of crosslinking varied insignificantly for different preparations of the 23 S RNA (expt 1,5) 
a comparison of the 23 S and 16 S RNA primary 
structures does not reveal any odd bases with an in- 
creased nucleophilicity in the 23 S RNA. There- 
fore, the simplest explanation of the phenomenon 
observed would be that the 23 S RNA has an 
affinity for EF-G. An addition of excess of the 
native EF-G to the [3H]EF-G derivative +23 S 
RNA mixture before irradiation decreases the yield 
of photoactivated crosslinking (table 1, expt 2) and 
thus corroborates the affinity of the observed reac- 
tion. In this case the main question is whether the 
affinity of EF-G for the 23 S RNA reflects the fac- 
tor interaction with the ribosome. 
It is known (e.g., [ll]) that the optimal ionic 
conditions for the EF-G-ribosomal complex for- 
mation are 210 mM Mg2+ and a low concentration 
of univalent cations (-10 mM K+, NH;); a de- 
crease of the [Mg2’] or an increase of the ionic 
strength reduce the level of EF-G binding with the 
ribosome. As seen from table 1 (cf. expt 1 and 3,4), 
an analogous effect is also observed for the photo- 
activated crosslinking of the factor derivative with 
the isolated 23s RNA. 
In our opinion, a more reliable criterion of the 
similarity of the EF-G-binding site in the isolated 
23 S RNA and in the ribosome can be the possible 
influence of some ribosomal proteins on the effi- 
ciency of EF-G crosslinking with the 23 S RNA. 
We tested the effect of L7/L12, LlO and Lll. The 
first two proteins were used in the form of a speci- 
fic pentameric omplex LlO(L7/L12)4. The choice 
was based on the following arguments: these pro- 
teins stimulate EF-G binding with the ribosome 
[ 12-181, are the nearest neighbours in the ribo- 
some [ 19,201, are located near the ribosomal EF-G- 
binding site [3,5] and, finally, can specifically bind 
with 23s RNA [21-241. 
As seen from table 1 (cf. expt 4 and 6-8), all the 
proteins stimulate significantly the EF-G cross- 
linking with the isolated 23 S RNA. This effect can 
be explained by the ability of LlO(L7/L12)4 and 
Ll 1 to affect (improve, stabilize) the three-dimen- 
sional structure of the EF-G-binding region of the 
23 S RNA, thus increasing its affinity for the 
factor. 
Thus, it can be concluded that: 
(i) EF-G actually has a specific affinity for the 
isolated 23 S RNA; 
(ii) The EF-G-binding site of the isolated 23 S 
RNA is evidently similar to that in the ribo- 
some. 
According to the EF-G position on the ribosome 
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[3], this site of the 23 S RNA should be exposed on 
the 50s subunit at the base of the L7/L12 stalk. 
The known role of the proteins L7/L12 + LlO and 
Lll in the stimulation of the EF-G binding with 
the ribosome probably consists in maintaining the 
EF-G-binding site of the 23 S RNA in the state pre- 
ferable for interaction with EF-G. Of course, we 
cannot exclude the additional contribution of a 
direct interaction between EF-G and the ribosomal 
proteins. The position of the EF-G-binding site in 
the 23 S RNA sequence is under investigation ow. 
Preliminary data based on mild hydrolysis of the 
crosslinked 50s subunit - EF-G by pancreatic 
RNase show that our EF-G derivative attacks the 
3’-terminal 18s fragment of the 23s RNA. 
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